IN THE experiments performed on the canine heart-lung preparation, Patterson, Piper, and Starling observed that when venous return was augmented, cardiac performance initially increased, but when venous return was elevated beyond a critical level, the performance progressively declined, i.e., there was a descending limb of the Starling curve.1-3 During the past 20 years a number of studies have been carried out in order to determine whether or not the human heart also exhibits a descending limb of the Starling curve. This problem has been explored by acutely reducing the venous return to the heart by either mechanical or pharmacologic means and determining the induced changes in the cardiac output, and in the venous, right atrial, or right ventricular end-diastolic pressures. 4 In general, these studies have indicated that in patients without congestive heart failure, impeding the venous return results in a fall in the cardiac output, whereas in patients with congestive heart failure, small increases in cardiac output sometimes occur. In some of the studies the relationships between the changes in right heart filling pressure and cardiac output were inconsistent.5' 7It appeared that a more direct approach to this problem could be achieved by relating the end-diastolic pressure of the left ventricle to the mechanical activity of this chamber during alterations of venous return. In the present investigation, venous return was impeded by progressively inflating a balloon in the inferior vena cava while left ventricular end-diastolic pressure, output, and work were measured. The studies were performed in patients with and without clinical and From the Cardiology Branch, National Heart Institute, Bethesda, Maryland.
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Methods Fourteen patients were studied in the postabsorptive state after premedication with 100 mg. of sodium pentobarbital. An indwelling needle was placed into the brachial artery, and catheterization of the left ventricle was performed by either the transseptal or retrograde arterial technics. A specially constructed catheter with a balloon at its tip,* similar to the one designed and employed by Farber and Eichna,12 was then inserted through a saphenous vein. The rubber balloon had a capacity of approximately 60 ml.; a second lumen of the catheter opened proximal to the balloon to permit measurement of the pressure in the vena cava distal to the balloon. Under fluoroscopic guidance the tip of the catheter was positioned just caudad to the liver. A small amount of contrast material was added to the saline used for inflating the balloon.
Left ventricular pressure was recorded both at low and high sensitivities simultaneously with the systemic arterial pressure; cardiac output was measured by the indicator-dilution technic, as described previously.13 Left ventricular stroke work index was calculated from the formula SV x (LVS -LVED) x 1.36 100 x BSA where SV equals the stroke volume in ml., LVS equals the mean left ventricular pressure during ejection, determined by planimetric integration, LVED equals the left ventricular end-diastolic pressure expressed in mm. Hg and BSA equals body surface area in M. 2 Following the measurement of pressures and cardiac output during the control period, the balloon was slowly inflated until a discernible fall in left ventricular end-diastolic pressure had occurred, and after a period of stabilization, all of the measurements were repeated. In some of the patients the balloon was then gradually inflated further, pressure and flow were determined .1C) 
Figure 2
The maximum changes in heart rate, left ventricular systolic pressure (LVS Pr.), and minute work index (MWI) induced by balloon inflation in the patients in groups I and II. The biphasic response in heart rate in patient W.O. is indicated by the dotted line, the arrow pointing to the heart rate change during maximum inflation of the balloon. The open circles indicate the changes occurring during the second balloon inflation in patient C.De. Discussion end-diaIn previous investigations concerned with the effects of impeding the venous return to the heart, right heart filling pressures were measured and correlated with the cardiac output. When phlebotomy was performed, or occluding cuffs on the extremities were inflated, a fall4' 7or no change5 in the cardiac output has been reported to occur in patients without congestive heart failure; in most4 5 but not in all instances,7 these maneuvers resulted in decreases of the right heart fillCODe. _ ing pressures. In patients with congestive -CDOe.
heart failure, a small rise in the cardiac output has usually been observed during these maneuvers,6' 7 whereas the right heart filling pressures have again responded inconsistent-A ly. 18 Fourthly, the total effect of the drugs employed in some studies to reduce venous return is uncertain. Relatively large changes in aortic pressure occur when Arfonad is administered, and it is possible that this ganglion-blocking agent may also diminish sympathetically mediated stimulation of the myocardium. Thus, the etiology of the changes in cardiac output observed during the administration of this drug may be complex, as was recognized by Sobol et al.9 and by Eichna.1'
Finally, in some of the patients in previous studies, more severe depression of ventricular function may have existed, or the patients may have been studied during a relatively more acute stage of congestive heart failure than the patients reported herein; under such circumstances, it is possible that the left ventricle can indeed be pushed on to a descending limb of the function curve.
Several basic mechanisms could be of importance in considering the hemodynamic responses to reduced venous return in the patients without impaired left ventricular function. It has been shown in the isolated papillary muscle contracting isotonically that the work performed is dependent both on the preload, which is analogous to the end-diastolic fiber length in the intact ventricle, and on the afterload, which is analogous to the aortic diastolic pressure in the intact organism. 19 It has also been clearly demonstrated by Sarnoff and his associates 20 in the isolated, metabolically supported dog heart that when blood is progressively infused, the stroke volume and stroke work are functions of the left ventricular end-diastolic pressure, provided aortic pressure, heart rate, and the catecholamine background remain constant;20 under these conditions, in contrast to those existing with the standard heart-lung preparation," 2 a descending limb of the left ventricular function curve cannot be readily demonstrated. ' 782, 1964) in which the effects of restricting venous return on circulatory dynamics were studied in patients with and without heart failure. Although no patients with severe failure were studied, no evidence for a descending limb of the Starling curve was found in patients considered to have mild or moderate degrees of heart failure.
